Most soil studies aim a better characterization of the system through indicators. In the present study nematofauna and soil structure were chosen as indicators to be assess soil health as related to agricultural practices. The field research was carried out on the two fodder cropping systems continuous maize (CM, Zea mays L.) and a 3-year rotation of silage-maize -silage-barley (Hordeum vulgare L.) with Italian ryegrass (R3) and grain-maize maintained in these conditions for 18 years. Each crop system was submitted to two management options: 1) the high input level (H), done as a conventional tillage, 2) the low input level (L), where the tillage was replaced by harrowing and the manure was reduced by 30%. The effects of the two different cropping systems was assessed on soil nematofauna and soil physic parameters (structure or aggregate stability). Comparison was made of general composition, trophic structure and biodiversity of the nematofauna collected in both systems. Differences in nematode genera composition and distribution between the two systems were also recorded. The monoculture, compared to the three year rotation, had a negative influence on the nematofauna composition and its ecological succession. The Structural Stability Index (SSI) values indicate that both the cropping systems had a negative effect on the aggregate stability. The results indicate that nematofauna can be used to assess the effects of cropping systems on soil ecosystem, and therefore be considered a good indicator of soil health to integrate information from different chemical or physical indicators.
Introduction
In agro ecosystems, conventional management practices e.g. tillage, distribution of chemicals, irrigation, organic mulch and fertilizers can be considered as sources of disturbance that have an impact on the soil system. In intensive cropping systems, where the soil is perturbed every year, several times in repeated phases, the disturbances may reduce the diversity of the soil fauna (Steen, 1983) . The crop management, as a part of the cropping system, has complex effects on the soil physical, chemical and biological characteristics. The intensification level agricultural practices generally affects soil water content, aeration, rate of organic matter decomposition and release of nutrients, all having strong impact on soil health. The relations among abiotic and biotic components of the soil and the effects of agriculture on these two components (Wardle et. al, 2004; Pulleman et al., 2005; Tsiafouli et al., 2005) is still an important issue.
Nematodes are abundant and ubiquitous soil fauna; they represent a heterogeneous group that effect crop growth directly or indirectly as consumers of bacteria, fungi and other organisms, regulating decomposition and release of nutrients to the plant (Freckman, and Ettema, 1993) . Any change in the soil habitat of nematodes could influence their food source or environment, affecting biodiversity and structure of the community. Nematofauna plays an important role in agro ecosystems and occupies a key position as primary and intermediate consumers in soil food webs; therefore, the study of the nematode community structure offers a powerful ecological tool for assessing soil disturbances and the effects of crops (Manachini, 2001) . There has been an extensive assessment of their use as indicators of soil conditions, especially for their short-term response to environmental changes (Bongers, 1990; Ettema and Bongers, 1993; Yeates et al., 1993) . Regarding the physical properties of the cultivated soils, aggregate stability and soil structure are considered as a key indicators of soil health (Arshad et al., 1996; Amézketa, 1999; Six et al., 1999; Duiker et al., 2003) . Soil structure influences soil water movement and retention, erosion, crusting, nutrient recycling, root penetration and crop yield (Hermavan and Cameron, 1993; Langmaack, 1999) .
The decline in soil structure, considered as a form of soil degradation (Chan et al., 2003) , is often related to non appropriate land use and soil/crop management practices.
The main consequence of long-term intensive cultivation, especially under monoculture regime, is the degradation of soil structure, which can even reduce the effect of chemical fertilizers and affect soil fauna. Moreover, the resulting soil porosity conditions are often unfavourable to crop growth (Pagliai et al., 1995) . To evaluate the impact of management practices on the soil environment it is necessary to quantify the modifications to the soil structure (Danielson and Sutherland, 1986) .
Most of the studies have been done on shortterm effects, while the long-term (multi-year) effects of management practices on soil fauna (Yeates et al., 1993; Wardle et al., 2004; Rahman et al., 2007) and soil structure (Saggar, 2001 ) is not fully investigated. More information is needed, particularly over a range of cropping systems and environments, to demonstrate the effects of tillage and stubble management practices on the abundance and diversity of nematodes in cultivated soils (Rahman et al., 2007) .
Long-term field experiments, even if more expensive, can provide long-term data sets, that can be used to develop mathematical models and give more information regarding sustainability of agricultural management and the effects on biodiversity (Johnston, 1997) . We have chosen nematofauna and soil structure as key indicators for assessing soil health and quality.
Therefore the study aimed at: (a) analyzing the influences of different cropping systems maintained for a long period on the composition of the nematode community and soil structure; (b) introducing these properties as good key indicators for assessing soil health and agromanagement.
Materials and method

Area description and treatment details
The experimental trial was located in Lodi, northern Italy (45°19'N, 9°30'E, 81 m elevation above sea level) and is representative of the alluvial Po Valley, on a sandy-loam soil of the mollic Hapludalf family with subacid pH (6.3), low in nitrogen and organic matter contents. The climate is typical of the lowlands of north-western Italy, with average annual rainfall of about 800 mm well distributed along the year, and average annual mean daily temperature of 12.5 °C, January being the coldest month (1.1 °C) and July the hottest one (22.9 °C).
Two cropping systems were selected: (1) continuous grain maize (Zea mays L., CM); (2) a 3-year rotation (R3): first year, autumn-sown barley (Hordeum vulgare L.) + spring-sown maize (both for silage); second year, Italian ryegrass (Lolium multiflorum L.) + spring sown maize (both for silage) and third year, grain maize. All the systems were continuously maintained for 18 years.
Each cropping system was submitted to two crop management (Tab. 1): the high level (H), done as a conventional tillage, and the low level (L), in which the tillage was replaced by harrowing and the manure was reduced by 30% (for other details, see Onofrii et al., 1993) . A further difference between H and L treatments was related to soil tillage before the autumn-sown crops. In the former treatment, the soil was ploughed to a depth of 30 cm and then rotarycultivated, while in the latter it was only rotarycultivated to a depth of 15 cm. All maize crops, either for silage or grain, in both treatments were ploughed prior to sowing, and rotary-cultivated along the rows after the plant emergence, also to favour burial of nitrogen fertiliser (half of total amount) applied at the postemergence stage. Four surface irrigations, each of approximately 1000 m 3 ha -1 volume, were provided to the whole trial (both treatments). Time of sowing and other cultural practices were those considered conventional for the region.
A split-plot complete randomized block de-sign was adopted with three replications, the main plots being represented by the input level (High vs Low) and the sub-plots by the cropping system (CM vs R3). The trial included 12 plots (3 crop-phases x 3 blocks x 2 input levels), each measuring 60 m 2 (6x10 m).
Soil properties and nematofauna
Soil samples were collected in October 2003 from 0-20 cm depth in 12 plots, 6 of CM and 6 of R3. Five sub samples from each plot in a zigzag pattern using a cylindrical core sampler were taken for nematodes while one sample from each plot using a shovel for chemical analysis and soil structural stability index determination (SSI). Soil Total Nitrogen (TN) and Total Organic Carbon (TOC) concentrations were determined by dry combustion using a Carlo Erba NA 1500 CNS Analyzer. Soil water pH in a 1:2.5 dispersion was measured with deionized water potenziometrically. Nematodes were extracted from the soil with a modification of the Baermann funnel method (Cairns, 1960) . From the total sample per plot (1 kg) two replicated sub-samples, each of 150 g were processed. After counting the total number of nematodes in each sample, 120 nematodes were picked out randomly, transferred to an evaporation series of De Grisse solutions, mounted on slides and identified at genus level, using a microscope (Zeiss) at 100x magnification.
Communities in these cropping systems were compared, using different biodiversity indices: Maturity Index (MI), Shannon-Wiener (H'), Hill diversity numbers (No, N1, N2, Ninf), Simpson Diversity Index and Pielou Index (J').
Soil aggregate stability was determined by wet sieving with mechanic vertical oscillation. The apparatus was equipped with vertical supports to which the 6 sieves with 0.2 mm mesh opening were fixed. The samples were subjected to vertical alternative motion with a stroke of 3 cm and a frequency of 30 min -1 for 30 minutes. Two pre-treatments were applied before wet sieving: (a) air-dried soil rapidly submerged in water (slaked treatment); (b) air-dried soil prewetted with ethanol to test the wet mechanical cohesion of aggregates independently of slaking.
Air-dried and gently broken soil was passed through a 2 mm sieve to separate the 1-2 mm fraction (Kemper and Rosenau, 1986) for analysis. Then seven grams of latter (air dried or prewetted with ethanol) was submerged in 250 cm 3 of deionized water for 30 min, then transferred to sieves previously dipped in deionized water and subjected to a vertical oscillating movement (Cavazza and Linsalata, 1969) . The remaining aggregates were oven dried at 105°C and subordinate to dispersion solution (40 g sodium hexametaphosphate and 10 g sodium carbonate/Liter) for coarse sand determination. The soil Structural Stability Index (SSI) of determined for each treatment was determined according to Pagliai et al. (1997) :
Weight aggregates after sieving -weight coarse sand SSI = _________________________________ x 100
Weight aggregates before sieving -weight coarse sand After the required transformations (i.e nematode abundance was transformed to log(x+1)) the data were statistically analysed (ANOVA), using the GLM procedure of SPSS statistical package (version 14.0 for Windows) and protected LSD test at a 95% level of confidence.
Results
Nematofauna
A total of 5700 nematodes were collected, but there was a quite different abundance among the crop systems. In CMH there were 333 nematodes in 100 g of soil, while in CML 222/100 g; in R3H nematodes were 29/100g and in R3L 41/100 g. Comparing the two systems, the trophic structure was extremely simple in CM in which less selective and sensitive genera were recorded (Tab. 2). In each ecosystem the dominant trophic group was bacterial feeders; however, the in CM were earlier colonizers, while the ones in R3 were second colonizers. The largest total number of bacterial-feeding nematodes was found in both inputs of CM. In total, 29 genera belonging to 16 families were recorded from each input of CM and R3. The average of the abundance for each taxon is shown in Table 2 .
In CM the bacterial feeders were dominated by members of the family Rhabditidae of which the genus Protorhabditis was more abundant in CML than in CMH and it was not recorded in both inputs R3. In this latter system, the bacterial feeders with c-p of 2 or 3 were more abundant in the high input; in the R3L Aphelenchus was the dominant genus.
The abundance of the genera Protorhabditis and Aphelenchus was statistically different (P < 0.05) in CM and R3, highlighting the effect of the different cropping systems. The effect of the agronomic input was evident only in the case of the rotation where the abundance of Aphelenchus and Aphelenchoides was statistically different (P < 0.01).
Plant feeders were 5% of the nematode community in the high input of R3 and 15% of the total in the low input. Only one genus of plant feeders in each input of CM was recorded: in CMH Pratylenchus in CMH and Tylenchus in CML.
The biodiversity indices showed differences in the structure and biodiversity of both cropping systems (Tab. 3).
The minimum values of the biodiversity indices were recorded in both the input of CM and the maximum values were recorded in both the input of R3. The minimum value of the Maturity index was recorded in CML and the maximum in R3L.
Soil properties
Chemical properties are shown in Table 4 . The pH was sub acid and the content of organic matter ranged from 1.6% to 1.8%. The ratio C/N was quite comparable with a maximum in CML and a minimum in R3H.
The results of the soil structure analysis are shown in Figure 2 where thy are presented as SSI.
Without pre-treatment (the right part of the figure) SSI appeared lower in both cropping systems than with ethanol pre-treatment. In fact with no pre-treatment the values never exceeded 40% while with pre-wetting with ethanol, by reducing slaking effect, the values were higher than 70%. The highest value was recorded for R3L while the lowest for R3H.
Discussion
Intensive agriculture represented a great disturbance that should affect the heterogeneity of the below-ground soil food web and be reflected in the nematode community and in the soil structure. The agroecosystems studied had remained the some since 1985, and the two crop systems were present every year. Our results confirm that long term conventional intensive tillage and management not only worse the physical properties of the soils, as reported by Pagliai et al. (1995) , but also the soil fauna community and therefore the soil biodiversity. The diversity indices show differences between monoculture and rotation. Nematode abundance was higher in both inputs of CM compared to R3, highlighting that the differences could be due to the type of crop. Rahaman et al. (2007) found that rotation of wheat with lupin was more favourable for the population abundance of free-living nematodes than continuous wheat, irrespective of tillage and stubble management practices. Plant-parasitic nematodes were comparatively low in the rotated crops sequence suggesting biological control mechanisms (e.g. improvement of soil quality and conditions, abundance of free-living nematodes and other microbes in the rhizosphere areas, etc.) may have occurred (Rahaman et al., 2007) . The very low abundance in CM of the omnivores/predators nematodes was in accordance with Niblack and Bernard (1985) who suggested that the low presence of this trophic group could indicate an unstable environment. Freckman and Ettema (1993) showed that trophic groups are very sensitive to agricultural practices that strongly disturb the soil, and this effect is clear in our study. The dominance of bacterial feeders with c-p value equal to 1 in CM indicates an initial ecological succession stage in the development of these ecosystems, due to conventional practices. The response of bacterial feeders observed in this study is in accordance with results found by Wasilewska (1979) , who associated the largest population of bacterial-feeding nematodes with conventional tillage.
Our results support the on regarding the role of nematodes and the decomposition dynamics of the nutrients in soil of Coleman et al. (1984) and Goede et al. (1993) . These authors found also an increase of earlier colonizer genera, especially bacterial feeders, such as the genus Protorhabditis, after disturbance due to conventional tillage and during the first stages of colonization. Saggar (2001) studied nematofauna in a monocolture corn field for 16 years and recorded that the family Rhabditidae was dominant and H' was low. We found that this genus was present only in the maize monocolture.
Nematode communities in both inputs of R3 seemed to be less stressed those the ones present in both inputs of CM. The dominance of nematodes with c-p 2 in R3 indicates that communities were in a progressive successional stage. In R3H second colonisers, mainly the genus Cephalobus were dominant, in accordance with Griffiths et al. (1991) , who noted an increase of abundance of bacteriofagous more sensitive in the rhizosphere of barley. Moreover, our results show that in R3L Aphelenchidae was the most abundant family. This shift from bacterial feeders to fungivores may be attributed to lower disturbance due to the low input.
Nematode communities recorded in CM had less biodiversity and they were more disturbed and badly structured. Our results confirm that CMH is extremely stressing for soil and tends to decrease biodiversity, being all the indices of trophic structure and community similar to a first colonisers community, while R3L is less stressful.
Regarding the soil aggregate stability, ethanol pre-treatment significantly increased the SSI compared with no pre-treatment to reduce slaking effect. The average of SSI to continuous maize and R3 has respectively a value of 36.79% and 38.04%. Other cropping systems present in the same experimental field, such as permanent meadow or rotate meadow, showed value over 65% and 45%, respectively, (data not yet published). As suggest by Giardini (1992) , values smaller than under 40% represent a low aggregate stability and therefore, a poor soil structure for sustaining agricultural productivity and for preserving environmental quality (Amézketa, 1999) . Our results are comparable with the observations of Pagliai et al. (1995) , who comparing two soils (silt-loam and clay) for 10 years with the same rotation (maize wheat) and two tillage management (conventional and minimum tillage similar this work) to test soil physical characteristics (porosity, aggregate stability, water content) found the aggregate stability in conventional tillage greater in minimum than conventional tillage.
Conclusions
In the present study different cropping systems maintained for a long period were monitored in order to detect the impact on the soil health through two key indicators: nematodes and aggregate stability. Two popular intensive fodder systems in Po River Valley (Northern Italy) at different input levels were studied by using the above indicators.
The Structural Stability Index with or without pre-treatments did not show any difference among the cropping systems and the intensification level. The ethanol pre-treatments reduced the slaking effect. Excessive breakdown of soil aggregates due to intensification of rotation and tillage (once or twice in CM and R3 respectively) caused a low degree of stability of aggregation influencing soil structure and relative properties.
Chemical attributes did not seem able to show differences of impact of the cropping systems with quite a high level of stress. Instead, nematofauna resulted to be able to underline differences even in those environmental soil conditions highly stressed, with similar management so that it is possible to consider it as an integrative bioindicator suitable for evaluating the soil health and/or the crop management.
